Express 



I^,abelNo.: EL290736057US 



15 



M.™or>O.C.VOPKBSBav:NOSB.BCTB.SPB.MCB.U 
CaOSS-«NCBTOKBBATBDAP«^A™-^ 

November 24, 1999. ^.^LD OF THE INVENTION . 

...for freezing sperm selected for a particular 

^0 The invention IS paiuv^u..". - - 
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.,e ava«e se,ec.io. methods involve phys,ca, sTe.. M ^^^^^^ ^ 
,^ica„y scewha. con,p«mi-^ compared .o non-^ _ ^^^^^^^^ 

..eed,«.ese,ecU0„ — ^^^^^ 

.•aiution effect" may be due to the loss of proteOv P ^^^^^^ 

p,<,„ cytometry is a particularly efficient „„™„y 
..„,spe.mhyse.^e. sorted .e—^ 

enconnte^ in standard ^ificia, -^^-''^""'Z physical constraints of flow cytometers. 
«ow cytometry is time consuming, a^d, eca.e ^^^^^^ 
.pe™ must be diluted for sortmg to level that ar 

:r::n:.:rrr:— tcompromisedspe^toaddttionalphysi. 

3 -e.ee.ngofsp..o,nv -^^^^^^^^ 

although techniques for freezmg unselected sperm a 
cryopreservation of selected sperm has been descnbed. 

SUMMARY OF THE INVENTION 

::r;:-;-.— ^^^^ 

spermfromaselectedspermsample folo^^V^^^^^ .apreferred 
,ermtoproduceasuspens,onh.vm de.r^^^^_^^^ ^^^^^^^^^ 

,5 embodiment, me method is employed to freeze ^^^^^^ „^ 

cryopreservationmethodoftheinvennoncartbeusedtofr 

election methods, selection using flow cytometry ,s prefcrr ^ ^^^^^^ ^ 

-„^i.uiar characteristic, such as sex-type, m p ^^.^^^ 

u fnrpxamole human, bovine, cHuuiw, pore... , 

30 includes mammalian sperm, such as, for example. 
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fertilization. 
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,ecan.eof.heweU-aocn.nen.e.fta^ tyof J^^^^^^^^^^^^^^^^^^^^^ 
,^.sassociatedwi.hv^ousse— ^^^^^^ 
,^ifKan.lossesin(ertili.yand/orv.ab.l.^.T^^P „^ 
r:ui»e,.l.atpregnanc,escan.cacl,iev.w.HP^^ 

^einvcnUonrcpresentsan^pona^.^*^^^^^^^^^ 

„fspem,fornseinsnchproce.urescan eu^ ^^^^^,^^^„,,,V 
acs«l=traUs..orexan,ple,se.ec..on.oo«.n^P^^ ^^^^^^^ 
.„eallowscon.ro,overoffspnng^wta ^^^^^^^^^^^^^ 

,.Has.airyor.eena„le.Se. — --^^^ 
p,„auc.ion efficiency as well as qual-ty. 



" . cover, the anterior halt of 

„e" or "acrosomal cap- refers to the cap that cov 

Thetenn"acrosome or acr f™ ovum penetration. 

The term sex-OP'^ - 
30 or Y chromosome). 
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M used with reference to sperm, J ^^^^^^ „f f^M^ng 

. , freeze-thaw cycle, promotmg surviv 
protects sperm dunng a freeze m 

when highly diluted. ,„„.. ,efe. to a method whereby a sample is subdivded 
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The term "initial extend" refers to 
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An "energy source mdi 
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ions and non-iomzed molecule 

. . oie<!) dissolved m i Kg 

active particles 
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The invention provides 
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^'^^^^^^'^^'^.ec.ed .pern- «*s*e to«owi„. 
eftodotcryoptesemngselectea p 



Steps: 



a) 

(2) 
(3) 
(4) 
(5) 



sample; 
sample; 



obtaining a selected sperm 
cooling the selected sperm 

.solatmg sperm from the seiec....----^^^^^^^^^^^^^^^^^^^^ 



sleeted sperm sample; 



and 



freezing 



the suspension of sperm. 
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The first step m the cryop ^, . • _,tmg a source sample to any su 

i,..sp^^----;::::,^^ 

40y. and prefe^Hy a. leas. abou. 60% ot .he sp ^^^^^^ .^^^ 

including, for example, select differential stainmg. 

,„e™fo»sei.*einvenUo„ca«beo.u»edu».^V ^^^^^^^^^ 
:;d«e.e„ee..no.a»e.e..,.^--^^^^^^^ 

L3,S9.«9,«,..ePa,en.*.3m-^^^ 
Sex-selecionbasedondifterences^elecm 
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. differmces in etettieal and gravimetric 
.0S3,«,,ana.eci.,ues*a.se,...aseao .^^^^^^^ 

39 434 describe selection basea ,.,1 661 4,999,283, 

Nns 4 009,260 and VJS."^ ^ „ c Patent Nos. 4,5n.'""''' 

elvin.onan.ibodiesarediselosed.nU.S.Pat ,^,,,0, 5,439,362, and 

techniques relying on a .„„sUS. Patent Nos. 5,021,244, ^ 

, 687 803, 4,191 ,749, 4,448.767, whereas U.S 
^99 describe seleettonbasedondi^eren^ -^^^^ 
^•"%,„.cvto.etr,isapre.rredn,e.od r J J^^^^^^^^^ 

„„,„erentialstain.ngw.thnnorescentdv.»--^ 

l,„Hhodiesornneleic acids. >" upon irradiatton. FACScanbe 
rjdiererentpopnlarionsbasedonthetl— ^^^^^^^ 

. forsex-selectionotspermbecausetheXch^ ^^^.,i„a„g dye. X-chromosonte 

,..„,,erntabsorbntoredye.^~^^ 

thereforecanbeseparatedbyFACS. ^35 759 (issued to Johnson). Separ 

r:;^«can.,ye..--inU..^^^^^^ 

,3sbeene,.anced.hro„^'»e"-^^;^^„,^,,0,anddese„bedinU.S.Patent 

cyto-erproduc^^vC.0™--^^^ 
Nos. 5,150,313, 5.602.039, 5,602,349, an 

NO WO 96/12171. .. . 4eselectedspermsampleispreterablyo-*a 

^eselecttonntetbodusedtoo.*^^^^^^^^^^^^ 
p^eservessperm Viability. B--" specifically, the How 

Lbniquesshonldgenerally- — 

represent stresses that can ;„aividuals within species. Suclise 

.:,.t.eenspectes.dever,b^»-^^^^^ 
^ndoonmentedorcanreadaybedet 

— :U.a.e.ance.ab,l..edescrib.^^^^^^^^^^ 
.„Jlstance,procedurestha.prov.e™p™^^^^^^^^^^^^^ 

Further, Examples 1-7 below 
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•u . of the effects of laser intensity and dye concentration of post-thaw 

7"7 : „f B .,,Uon For this step, fte B fraction is often divided .nto a, teas. 

"";.noe.tend.c„n>ponentsa.p.sen.an.tendero..end.fr...on^ 
; to.i,ese,ec.edspetn.sa„.p..e.,e.Hespe™a,eis„,a.edfro.t.es»^^^^^^^^^ 
extender components are present, addit,ona, components opt,ona^^^^^^^^^ 
3perntsa.p,einc,ndesaconrp,etee.enderor.extenderfract.™^^^^ 
e.en.p,a..e..od.nten.s,.ovinespermareflow.so«edsoas.^«^^^^^^^^ 
,ndnding.heA6act,onofanextender(seeExamples2.3.and4). Itdes.ed.t 
, .enJddedto..ese,ec.edspernrsa.p,e.e.^t.tso^s^^^^^^^^ 
pre-isolation step extender (or ext^der fractton) ts termed the mttal exte 
L the "frna. extender" employed for the extension of isoiated sperm before fr .n, 

. • r A tVip initial extender can be matched to tne 

" '"":::::lh,efornse.n.ese,ec.edspermsamp.einc,ndesaphys.oi^^^^^^^ 

K, ^er The phvstologieally acc^table carrier is typically aqueons, and. m preferred 
acceptable carrier. Thephystolog y ^^„„,y 

detergent that acts synergistically with certain org 
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sperm, an energy source that can be readily utiUzed by sperm, an antioxidant, which protects 
sperm from cold shock, a substance that facilitates sperm capacitation, and one or more 
antibiotics. 

Although cryoprotectants useful in the invention are not limited to those acting by a 
5 particular mechanism, most conventional cryoprotectants act, at least in part, by reducing 
intracellular dehydration. Specifically, freezing is accompanied by an increase in solute 
concentration in the medium surrounding sperm. This increase in solute concentration draws 
water out of the cells, which increases intracellular electrolyte concentration. Exemplary 
cryoprotectants include glycerol, dimethyl sulfoxide, ethylene glycol, propylene glycol, and the 
10 like. The cryoprotectant suitable for use in a given extender can vary, depending on the species 
from which sperm are derived. For example, glycerol is suitable for use in cryopieservation of 
human and bovine sperm, but is generally not used for cryopreservation of porcine or rabbit 
sperm. Such preferences are well known for many commercially valuable sperm and can readily 
be determined empirically for other types of sperm. 

The extender usefiil in the invention optionally includes one or more components that 
help maintain osmolality and provide buffering capacity. In preferred embodiments of the 
invention, the osmolality of the extender approximates that of physiological fluids. More 
preferably, the osmolality of the extender is in the range of about 280 mOsm to about 320 
mOsm. The pH is also preferably within a physiologically acceptable range, more preferably in 

20 the range of about 6.5 to about 7.5. 

Substances helpfiil in maintaining omolality and pH within these ranges are well known 
in the art and can be added to the extender as a solid or already in solution, puffer containing a 
salt, a carbohydrate, or a combination thereof can be employed for this purpose. ^Specific 
^ examples include sodium citrate, Tris[hydroxymethyl]aminomethane, and TES (N-Tris 

[Hydroxymethyl]methyl-2-aminoethanesulfonic acid), and monosodium glutamate buffers; milk; 
HEPES-buffered medium; and any combination thereof The component employed to help 
maintain osmolality and provide buffering capacity in a particular appUcation can vary 
depending on the other components of the extender and, in some cases, on the species from 
which the sperm are derived. The selection of such a component for use in the present invention 
30 is, however, within the level of skill in the art. 
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One or more organic substances that protect sperm against cold shock and help preserve 
fertilizing capacity can also be included in the extender. Such substances are well known and are 
sometimes described as "nonpenetrating cryoprotectants." One skilled in the art can readily 
determine an organic substance suitable for a particular application of the cryopreservation 
5 method described herein. For example, organic substances containing protective constituents 
(e.g., lipoproteins, phospholipids, lecithin) that are believed to reduce the impact of cold shock 
.and the dilution effect can be included in the extender. Suitable organic substances include 
disaccharides, trisaccharides, and any combination thereof Exemplary organic substances 
include egg yolk, an egg yolk extract, milk, a milk extract, casein, albumin, lecithin, cholesterol, 
10 and any combination thereof 

The extender can also include a detergent. Aikyi ionic detergents, such as sodium 
^„ dodecyl sulfate (SDS), have been reported to act synergistically with egg yolk to enhance 

i protection against cold shock. Other detergents useful in the cryopreservation of cells can also 
t be employed in the extender, and the selection of aparticular detergent for a specific application 
IS 1 5 is within the level of skill in the art in light of the guidance provided herein. See, e.g. , 
Example 5. 

!; ' Preferably, the extender includes an energy source that is readily utihzed by sperm. In 

S the absence of an energy source, sperm may oxidize intracellular phospholipids and other cellular 
f 3 components. Thus, the inclusion of an energy source in the extender protects intracellular 

O 20 reserves and cellular components. As is well known in the art, sugars, particularly 
^ monosaccharides, provide a convenient energy source, although any conventional energy source 

can be employed in the extender. Exemplary monosaccharides useful in the extender include 

glucose, fructose, and/or mannose. 

One or more antioxidants can optionally be included in the extender to provide additional 
25 protection against cold shock. Exemplary antioxidants include butylated hydroxytoluene (BHT), 
its derivatives, and the like. However, other antioxidants useful in the cryopreservation of cells 
can also be employed in the extender, and the selection of a particular antioxidant for a specific 
application is within the level of skill in the art in light of the guidance provided herein. 

The extender can also contain a substance that facilitates sperm capacitation. A variety of 

the extender. Examples 

30 capaciiation iaciiiLaiur& mc ftjiown m txi^ i-o^- ^ — t - • ^ 
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include enzymes such as alpha amylase, beta amylase, beta glucuronidase, which can be used in 
combination, if desired. 

Finally, the extender preferably includes an antibiotic, since substantial bacterial growth 
can threaten sperm viability and increase the risk of infection of the host in artificial insemination 

5 or in vitro fertilization procedures. Any of a variety of antibiotics useful in the cryopreservation 
of cells can also be employed in the extender. The selection of a suitable antibiotic depends on 
the species from which the sperm was obtained, the procedures involved in obtaining and 
handling the sperm sample, and the specific microorganism(s) to be targeted. Exemplary 
antibiotics include tylosin, gentamicin, lincomycin, spectinomycin, linco-spectin (a combination 

1 0 of lincomycin and spectinomycin), penicillin, streptomycin, and ticarcillin, which can be used 
alone or in combination. However, one skilled in the art can readily determine other antibiotics 
suitable for use in the extender. 

Exemplary extenders are discussed in greater detail below and in the examples. 
The sperm concentration is typically lower in the selected sperm sample than in the 

1 5 source sample, and, as indicated above, when FACS is employed, the dilution is significant. A 
typical sort based on sex-type can produce a sample containing sperm at 6 x 10^ cells/ml catch 
buffer. As such a low concentration is not optimal for storage (at least for most species tested), 
the cryopreservation method of the invention generally concentrates the selected sperm sample. 

20 Cooling the Selected Sperm Sample 

The second step in the cryopreservation method entails cooling the selected sperm 
sample, typically, by reducing the temperature at a controlled rate. Cooling too rapidly can cause 
cold shock, which can result in a loss of membrane integrity and cell function. The severity of 
the effects of cold shock vary from species to species and depend on factors such as the rate of 

25 cooling and the temperature range. Under suitable controlled cooling conditions, the sperm are 
able to adapt to thermal effects. Example 2, among others, describes conditions for cooling 
bovine sperm, and determining suitable conditions for cooling sperm of other species is within 
the level of skill in the art. 

In a preferred embodiment of the invention, the selected sperm sample is cooled typically 

30 from about 22°Ceisius, to about 5°Cclsius, and cooling is generally earned out over a period of 
about 60 minutes to about 24 hours, preferably over a period of about 90 minutes to about 240 

10 
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minutes, and most preferably over a period of about 90 minutes to about 120 minutes. Cooling 
can be accomplished by any convenient method, including simply placing the selected sperm 
sample in a 5°Celsius environment. 

5 Isolation of Sperm Cells from the Selected Sperm Sample 

After initial extension of the selected sperm sample, sperm are isolated from the sample 
using any sufficiently gentle isolation method that provides at least about 50% recovery of 
sperm, more preferably about 75% to about 90% recovery of sperm, and most preferably about 
80% to about 90% recovery of sperm. During the isolation step, the cooled sperm should 

10 generally be kept cold, i.e., between about 1 and about 8°Celsius, and preferably close to 4 or 
5°Celsius. 

Any of a variety of methods suitable for recovering cells from a suspension can be used 
to isolate the sperm, including for example, filtration, sedimentation, and centrifligation. In an 
exemplary, preferred embodiment, the selected sperm sample is aUquoted into 50 ml tubes at 

1 5 volumes not exceeding about 27 ml, and preferably between about 20 to about 27 ml. 
Centrifugation is carried out at about 4°Celsius, at about 850 x g,Tor about 20 minutes. 
Preferably, the centrifiigation step provides at least about 50% to about 90% recovery of sperm, 
more preferably about 60% to about 90% recovery of sperm, and most preferably about 70% to 
about 90% recovery of sperm. After isolation, the supernatant is removed and the pellet is 

20 suspended by vortexing gently or repeated aspiration at 4°Celsius. The sperm concentration is 
then typically determined (e.g., using a hemacytometer). 

Final Extension of Isolated Sperm Cells 

After isolation, the sperm are pooled, if desired, and extended with final extender to an 
25 appropriate concentration for freezing. The concentration of sperm after the final extension and 
prior to freezing is preferably in the range of about 1 x 10^/ml to about 300 x 10^/ml, more 
preferably about 10 x lOVml to about 50 x 10^/ml, and most preferably about 10 x lOVml to 
about 20 X 10^/ml. 

The description of the initial extender above also applies to the fmal extender, which can 
30 be the same as or different from the initial extender. In particular em.bodiments, the composition 

11 
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of the sperm sample extended with the final extender is substantially similar to (if not the same 
as) the composition of the sperm sample after addition of the initial extender. 

In a preferred embodiment of the invention, an egg yolk-Tris extender is used. After the 
addition of the extender, the sperm suspension comprises glycerol (cryoprotectant); citric acid 
5 and Tris[hydroxymethyl]aminomethane (buffer); egg yolk (organic substance); fiiictose (energy 
source); tylosin, gentamicin, and linco-spectin (antibiotics). The typical approximate 
concentrations of these components after addition of the final extender to the isolated sperm are: 
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Components of Ege Yolk-Tris Extender 
Glycerol: 4-8% vol/vol 

Citric Acid: 55-75 mM 

Tris [hydroxymethyljaminomethane: 1 90-2 1 0 mM 

5 Egg yolk: 5-25% vol/vol 

Fructose: 45-65 mM 

Tylosin: . 25-100 ^g/ml 

Gentamicin: 200-300 ^g/ml 

Linco-spectin: 100-400 )ig/ml* 

10 * 100-400 ^ig/ml lincomycin and 100-400 ^g/ml spectinomycin 

In a variation of this embodiment particularly suitable for freezing bovine sperm, the 
3 concentrations of these components after addition of the final extender to the isolated sperm are 
J about 6% (vol/vol) glycerol, about 65 mM citric acid, about 200 mM 

7, 15 Tris[hydroxymethyl]aminomethane, about 20% (vol/vol) egg yolk, about 56 mM fructose, about 

3 50 [ig/ml tylosin, about 250 ^ig/ml gentamicin, and about 150/300 |ag/ml linco-spectin (i.e., 

3 

150 ixg/m\ lincomycin and 300 )ag/ml spectinomycin), in deionized water. 
'l In an alternative embodiment, an egg yolk-citrate extender is employed. After the 

I addition of the extender, the sperm suspension comprises glycerol (cryoprotectant); sodium 
3 20 citrate (buffer); egg yolk (organic substance); tylosin, gentamicin, and linco-spectin (antibiotics). 

The typical approximate concentrations of these components after addition of the final extender 

to the isolated sperm are: 
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Components of F.^p Yolk-Citrate Extender 
Glycerol: 4.^0/^ voyvol 

Sodium Citrate : 60-80 mM 

Egg yolk: 5-25% vol/vol 

Tylosin: 25-100 ^ig/ml 

Gentamicin: 200-300 |ag/ml 

Linco-spectin: 100-400 jig/mL* 

100-400 ^ig/ml lincomycin and 100-400 ^ig/ml spectinomycin 

Exemplary, preferred concentrations for freezing hn^me^ 

^ . — ^j^-^^x^^ uL/v/ui / /u ^VWi7 VKJLJ 

glycerol, about 72 mM sodium citrate, about 20% (vol/vol) egg yolk, about 50 ^g/mI tylosin, 
about 250 ^g/ml gentamicin, and about 250/300 ^g/ml linco-spectin. 

In another alternative embodiment, an egg yolk-TES-Tris ("EY TEST") extender is 
employed. After the addition of the extender, the sperm suspension comprises glycerol 
(cryoprotectant); egg yolk and heated milk, e.g., homogenized milk containing 1.25% fructose 
with 10% glycerol (organic substances); tylosin, gentamicin, and linco-spectin (antibiotics). The 
typical approximate concentrations of these components after addition of the final extender to the 
isolated sperm are: 
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Components of Egg Yolk TES-Tris Extender 
Glycerol: 3-7% vol/vol 

Tris [hydroxymethy-methyl]-2-aminoethanesulfonic acid: 140-1 70 mM 
5 Tris [hydroxymethyljaminomethane: 60-80 mM 

Egg yolk: 5-25% vol/vol 

Fructose: 5-12 mM 

Tylosin: 5O.150 ^g/ml 

Gentamicin: 400-600 )ug/ml 

10 Linco-spectin: 200-700 ^g/mL* 

200-700 Mg/ml lincomycin and 200-700 ug/ml spectinQmycin 



Exemplary, preferred concentrations for freezing bovine sperm are about 5% (vol/vol) 
glycerol, about 158mM Tris[hydroxymethy-methyl]-2-aminoethanesulfonic acid, about 72 mM 
1 5 Tris[hydroxymethyl]aminomethane, about 20% (vol/vol) egg yolk, about 8mM fructose, about 
100 i^g/ml tylosin, about 500 |xg/ml gentamicin, and about 300/600 )ig/ml linco-spectin. 

In yet another alternative embodiment of the invention, a Milk extender is employed. 
After the addition of the extender, the sperm suspension comprises glycerol (cryoprotectant); 
heated homogenized milk (organic substance); fructose (energy source); and tylosin, gentamicin, 
O 20 and linco-spectin (antibiotics). The typical approximate concentrations of these components 
after addition of the final extender to the isolated sperm are: 
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Components of Milk Extender 



Homogenized Milk 

Glycerol: 

5 Fructose: 

Tylosin: 

Gentamicin: 

Linco-spectin: 
* 

10 250-300 |ig/ml lincomycin and 250-300 \xg/m\ spectinomycin 

Exemplary preferred concentrations for freezing bovine sperm are about 90% milk, about 
10% (vol/vol) glycerol, about 1.25% fiaictose (wt/vol?), about 50 |ig/ml tylosin, about 250 |ag/ml 
gentamicin, and about 250/300 |Lig/ml linco-spectin. 

1 5 Other extenders standardly used to freeze sperm can also be employed as the final 

extender in fi*eezing selected sperm. A variety of extenders optimized for use in fi-eezing sperm 
from various species have been described, and many are commercially available. Freezing 
extenders for equine sperm typically consist of milk, egg yolk, various sugars, electrolytes and a 
cryoprotectant. Exemplary fi-eezing extenders are described by Squires, E.L., et al.. Cooled and 

20 Frozen Stallion Semen Animal Reprod. and Biotechnology Laboratorv . Bulletin No. 69, Chapter 
8, "Seminal Extenders" pp. 49-51 (July, 1999). 

Equilibration and Freezing of Sperm 

Extension of the sperm sample produces a suspension of sperm, which is then transferred 

25 into containers for freezing. If the sperm are intended for use in fertilization, the cells are 

conveniently aliquoted into individual doses sufficient to achieve fertilization. The required dose 
can vary substantially from one species to the next and is either well-known (e.g., for cattle and 
horses) or can readily be determined. In the case of sex-selected bovine sperm, convenient doses 
range from about 1.0 x 10^ sperm to about 3.0 x 10^ sperm. 

30 Any suitable container can be employed for freezing, including, for example, an am.pule, 

a vial, and a straw. Sperm intended for AI are typically frozen in straws (e.g., 0.25 ml or 0.50 ml 

16 
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90% (vol/vol) 
3-7% (vol/vol) 
1.25%(wt/vol) 
50 |ag/ml 
250 ng/ml 
250/300 |ag/ml 



straws) designed for use with an insemination gun. Preferably, a bolus of extender is drawn into 
the straw, followed, in sequence, by air, sperm, air, and extender, so that the sperm are flanked 
on either side by an air space, which separates the sperm from a bolus of extender at either end of 
the straw. 

5 Prior to freezing, the sperm are generally allowed to equilibrate at about S^'C. Preferably, 

the sperm are allowed to equilibrate for a period in the range of about 1 hour to about 18 hours, 
more preferably between about 3 hours and about 18 hours, and most preferably between about 3 
hours and about 6 hours (see Example 2). 

Following equilibration, any standard freezing method can be employed, provided the 

10 freezing rate is not too rapid (i.e., not in excess of about 0.5°C/minute). Preferably, the freezing 
rate is about 0.5°C/minute. In an exemplary, preferred embodiment, the sperm are placed in 
static liquid nitrogen vapor, and freezing is carried out in three distinct stages over a period of 
about 10 minutes. In the first stage of freezing, the sperm are cooled from about 5°C to about 
"IS^'C at a rate of about 40°C/minute to about 65°C/minute. In the second stage of freezing, the 

15 sperm are cooled from about "IS^'C to about "60°C at a rate of about ZS'^C/minute to about 
35''C/minute. In the third stage, the sperm are plunged into liquid nitrogen at about "lOO'^C. 



Selected Sperm Samples 
In addition to a freezing method, the invention provides a frozen sperm sample including 
20 sperm selected from a source sample for a particular characteristic. The sperm can be from any 
species, including any of those discussed above with reference to the freezing method. The 
invention encompasses frozen sperm selected for any characteristic by any suitable method, such 
as those described above. Preferred embodiments include frozen sex-selected human, bovine, 
equine, porcine, ovine, elk, or bison sperm. Sex-selection is preferably carried out using flow 
25 cytometry as described generally above. 

Also within the scope of the invention is a container containing a frozen sperm sample 
. according to the invention. The container can be formed from any material that does not react 
with the frozen sperm sample and can have any shape or other feature that facilitates use of the 
sample for the intended application. For samples intended for use in AI, for example, the 
30 container is conveniently a straw (e.g., 0.25 ml or 0.5 ml straw) designed for use with an 

insemination gun. The container is sealed in any manner suitable for preserving the sample at 
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the intended storage temperature, which is typically below -80°Celsius. 0.25 ml straws can be 
sealed, for instance, with PVC powder, ultrasonically, or with a cotton-polyvinyl plug and/or a 
stainless steel ball (BB). 

As the frozen sperm sample of the invention is typically thawed before use, the invention 
5 also provides a thawed, previously frozen, selected sperm sample and a container including such 
a thawed sample. 

Methods of Using the Selected Sperm Sample 
The fi-ozen selected sperm sample of the invention is suitable for use in any method in 
which sperm are used. The sample can be thawed and used in any conventional fertilization 
1 0 method, such as artificial insemination or in vitro fertilization. Thawing is carried out in the 

same manner as for frozen, non-selected sperm. Briefly, the strav/ containing the frozen sperm is 
J,:- submerged in a water bath maintained at a temperature of about 35°C to about 37°C for a period 

''■■^ of about 20 to about 30 seconds. After thawing, semen deposition (e.g., insemination) is carried 
••J out according to standard procedures, taking care to protect the sperm from environmental 
in 15 fluctuations. 



O 20 
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EXAMPLES 
Example 1 
Effects Of Dilution On Sperm 
5 Objective: to determine the effect of sperm concentration on sperm motility for non-frozen, non- 
sorted, but highly diluted sperm. 

A. Effects of Dilution on Non-washed Sperm 

1 . Collection of Source Sample . Sperm were collected from bulls on a routine 

10 collection schedule using an artificial vagina as described in Schenk J., Proc 17th NAAB, p.48- 
58 (1998), and Saacke RG, Proc NAAB Tech Conf AI Reprod. 41 :22-27 (1972). All ejaculates 
used contained greater than 50% progressively motile and greater than 75% morphologically 
normal sperm. Antibiotics were added to the raw ejaculate as described by Shin S., Proc NAAB 
Tech Conf AI Reprod. 1 1 :33-38 (1986) within 15 minutes of collection, and the concentration of 

1 5 sperm was determined using a spectrophotometer. 

2. Methods . Sperm from 4 bulls were diluted to 1.25, 2.5, 5, 10, 15, and 20 x 10^/ml 
using an egg yolk-citrate extender (EYC) prepared with 20% egg yolk (vol/vol) in 72 mM 
sodium citrate, 50 |ig/ml tylosin, 250 |ig/ml gentamicin, and 250/300 )ig/ml linco-spectin. Each 

20 sample was prepared in duplicate (2 tubes/dilution^ull) and comprised 8 ml total volume per 
tube. All samples were incubated for 60 minutes at 22°C, after which they were centrifiiged 
using a swinging bucket centrifuge (Eppendorf, Model # 581 OR) at 600 x g for 10 minutes to 
concentrate the sperm. After centriftigation, the supernatant from one set of the duplicate tubes 
was not removed; the sperm were resuspended in the same medium and at the original 

25 concentration by repeated gentle aspiration using a 5-ml serological pipette. (The second set of 
the duplicate tubes were used in Example IB.) Sperm samples were then cooled to 5**C at 
0.2°C/min over 90 minutes. These sperm were termed "non-washed sperm." All samples were 
incubated at 5**C for 24 or 48 h post-collection. 

3. Evaluation of Motility , After incubation, the samples were warmed to 3 7°C using 
a dry block incubator for 10 minutes prior to determination of motility. For this experiment, a 
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single, blind estimate of the percentage of progressively motile sperm was determined for each 
sample. Progressive sperm motility was determined subjectively for each subclass by a single 
observer (x200, phase-contrast microscopy); another person prepared the microscope slides in a 
randomized manner so the observer was unaware of treatments. 

5 

4. Statistical Analysis , Data were analyzed by analysis of variance (SAS Institute, 
Gary, North Carolina) with factors bulls and initial dilution concentration. Separate analyses 
were done for each incubation time. Dilution trends were tested using (log) linear contrasts. 

5. Results , Data for non-washed sperm (Table 1) revealed (log) linear relationships 
10 (P<0.01) for both incubation times. Percentages of motile sperm increased as sperm 

concentration increased from 1.25 x 107ml to 10 x 107ml, but there was little difference 
thereafter. The cubic term was significant (P<0,05) for 24-h and marginally significant (P<0.1) 
for 48-h incubations. There was a bull effect (P<0.01) at both times. 

15 
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25 
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Table 1 . Effects of cooling on non-washed sperm 
motility (%) after cooling to 5°C. 



Incubation at 5°C 



5 



10 



Dilution 
(lOVl) 


24 


48 h'' 


1.25 


18' 


0^ 


2.5 


3gc.d 




5.0 


56" 




10.0 


61" 


42^ 


15.0 


55" 


44*= 


20.0 


58" 


41^ 


S.e/ 


5.6 


6.4 



(log) linear (P<0.01) and cubic effects (P<0.05). 

^ (log) linear (P<0.01) and cubic effects (P<0.1). 

^'^'^ Means within columns without common 
superscripts differ (P<0.05). 

^ yj error mean square of ANOVA ^ ^fN 
(SAS Institute, Gary, NC, USA) 

;3 20 Effects of Dilution on Washed Sperm 

1- Collection of Source Sample , The second set of the duplicate tubes containing 
samples prepared in Example 1 A were used in this experiment. 

2. Methods . The sperm were diluted, incubated and concentrated by centrifugation 
25 as in Example lA. Following centrifugation, 7.1 ml of the supernatant was aspirated from each 

tube, removing most of the seminal plasma and leaving the sperm in a 900-iiil pellet. The sperm 
were diluted with EYC (see Example 1 A) to make 10 x loVml or 20 x 10^/ml sperm 
suspensions. The samples were then cooled to 5°C over 90 minutes as in Example 1 A. 

3. Evaluation of Motility . The samples were warmed and evaluated for progressive 
motility as in Example 1 A. 
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^- Statistical Analysis. Data were analyzed as in Example 1 A. In addition, data in 
Example IB were analyzed for incubation concentration at 5"C. 

5. Results. Data for washed sperm (Table 2) revealed no significant treatment 
effects when sperm were evaluated after 24 h. However, after storage for 48 h at 5"C, there were 
bull, initial dilution, incubation concentration and bull by incubation effects (P<0.05). More 
sperm remained motile when held at 20 x 10^ /ml than at 10 x 10^ /ml (31% vs. 20%; P<0.05). 
Initial dilutions of 1.25, 2.5, and 5 x 10^ sperm/ml resulted in lower progressive motility than 10 
X 10^ sperm/ml (P<0.05), with respective main effect means of 19, 20, 27, and 37% motile 
sperm. 

Table 2. Cumulati ve effects of washing, dilution, concentration and cooling on 
progressive sperm motility (%) 



Storage at 5°C - Sperm Concentration and Duration 
24h 



48 h' 



Sperm cone (10^/ml) 
during 1 h 

preincubation at 37^ 


20x loVl 


10 X loVl 


20 X loVl 


10 X lO^/ml" 


1.25 


45 


49 


24 


15 


2.5 


51 


40 


29 


11 


5.0 


54 


54 


32 


21 


10.0 


51 


50 


40 


34 


15.0 


60 




41 




20.0 


55 




40 





Concentration to 20 x 10^ sperm/ml was superior (P<0.05) to 10 x 10^ sperm/ml 
after 48 h storage. 

Also, initial dilution to 10 x 10^ was superior to lower dilutions (P<0.05). 
Pooled standard errors {-^ error mean square of ANOVA Va^ were 4.0 for 



24 h, and 2.8 for 48 h incubations 
* Significant (log) linear trend (P<0.06). 



C. Conclusion 

High sperm dilution and cooling resulted in a substantial reduction in the percentage of 
motile sperm, regardless of the presence or removal of seminal plasma. However, this dilution 
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effect was greatly attenuated by concentrating the diluted sperm to 10 x loVl and even more, to 
20 X loVl before storage at 5°C. Sperm from some bulls tolerated dilution better than spenn 
from other bulls; however, the bull differences found are typical. Extremely dilute sperm might 
be compromised during sorting, in part, by removal of protective compounds in seminal plasma. 

Example 2 

Effects of Equilibration Time Before Freezing Sorted Sperm 
Objective: to evaluate the effect of equilibration times (3, 6 and 18 h, 5°C) before freezing on 

flow-sorted sperm. 

The following experiment was replicated in its entirety using the same bulls: 

^- Collection of Source Sample.. Sperm of 4 bulls were collected and prepared as 
described in Example lA. 



25 2. Methods . 

a) Stainine and Preparation for Sort. 

i) Preparation of Stain Stock Solution : a stock solution of 8.89 mM 
Hoechst 33342 (bis-Benzimide H-33342; #190305, ICN Biomedicals Inc., Aurora, OH) 
20 was prepared in deionized water. 

") Sperm Stain Procedure: sperm were diluted in a modified T ALP 
buffer (Table 3) to 400 x 1 0^ sperm/ml. Following dilution, Hoechst 33342 dye was 
added to the sperm suspensions at a concentration of 224 ^M. After the stain was added 

25 to the sperm suspensions, the samples were incubated for 60 minutes at 34"C. Following 

incubation, sperm were diluted to 100 x loVml with TALP containing 2.67% clarified 
egg yolk and 0.002% food coloring dye (FD&C #40) which quenches the fluorescence of 
Hoechst 33342 in sperm with compromised cell membranes, allowing them to be gated 
out during the sorting process. Just prior to flow sorting, samples were filtered at unit 

30 gravity through a 40-nm nylon mesh filter to remove any debris and/or clumped sperm. 
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b) Sortin2 . A two-line argon laser operating at 351 and 364 nm and 150 mW 
was used to excite the Hoechst 33342 dye. The flow cytometer/cell sorter used was an 
SX MoFIo® (Cytomation, Inc., Fort Collins, CO, USA) operating at 50 psi. A Tris-based 
sheath fluid was used, consisting of Tris (hydroxymethyl) aminomethane (Tris; 197.0 

5 mM; #T-1503, Sigma Chemical Co., St. Louis, MO, USA), citric acid monohydrate 

(55.4 mM; #C-7129, Sigma Chemical Co., St. Louis, MO, USA) and fructose (47.5 mM; 
#F-0127, Sigma Chemical Co., St. Louis, MO, USA). Baseline antibiotics were also 
added to the Tris-based sheath fluid consisting of 0.58 g/L of penicillin and 0.05 g/L of 
streptomycin sulfate. 

10 

The sperm were sorted by a process referred to as "bulk sorting" which permits rapid 
accumulation of large numbers of sperm so that large-scale examples can be done within a 
reasonable time. The sperm pass through the flow cytometer under the standard 
^-J operating conditions with the exception that all droplets containing viable sperm were 

J:^ 15 collected into a single tube rather than being sorted into 2 tubes based upon specific 

^ 3 characteristics (e.g., sorting by sex-type). Sperm were sorted on the basis of viability; 

i: hence, sperm that have compromised plasma membranes were excluded during bulk 

il sorting. 
O 

O 20 Stained sperm were maintained at 22 ± l^C during sorting. Bulk sorted sperm were 

■"^ collected in 50-ml plastic tubes containing 2 ml of 20% egg yolk-Tris extender prepared 

with 20% egg yolk (vol/vol) in 200 mM Tris, 65 mM citric acid, 56 mM fructose, 50 

|ig/ml tylosin, 250 |ig/ml gentamicin, and 150/300 )ig/ml linco-spectin in deionized water. 

The egg yolk-Tris extender was termed "Tris-A fraction" to denote the lack of glycerol at 
25 this point in the procedure. Sperm were collected in tubes to contain 12 ml and 

approximately 6x10*^ sperm. The sperm were subsequently incubated at 22^*0 for 1 to 3 

h to simulate conditions of a sort based on sex-type. 

c) Preparation for Freezing. Following incubation, the sorted sperm were 
cooled to 5*^0 over the period of 70 minutes. After cooling, the contents of the two tubes 

30 

were pooled and transferred to a refrigerated, swinging bucket centrifuge set at 5°C and 
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centrifliged at 850 x g for 20 minutes. After removing the supernatant, processing 
continued at 5°C by adding about 150 |il of Tris-A fraction extender to about 150-^l of 
sperm pellet to bring the sperm concentration to approximately 40 x loVml. The sperm 
of individual bulls were pooled and diluted immediately with an equal volume of egg 
5 yolk-Tris extender containing 12% (v/v) glycerol ("Tris-B fraction"). The Tris-B fraction 

was added to the sperm suspension as 2 equal volumes at 15-minute intervals to adjust 
the final sperm concentration to 20 x 10^/ml. The final glycerol concentration of the 
complete egg yolk-Tris extender containing the sperm was 6% (v/v). 

10 d) Equilibration and Freezing . Extended sperm were then packaged into 

0 9S-ml r\r\]\nrirt\r}r'']r\}r\'r\Aa c'ft-o:i¥rn K^* A-^rr^*-. ^ *,« J . i* * i 

^ ^^^x i^^xj » XAA^ xwiAiwxAviv oti«.vvo xLKj^\^ii uy luutiiic; piuccuuics uii lii^Kii 111 tjiailC liquid 

nitrogen vapor. Two straws fi-om each of 4 bulls were fi-ozen after 3, 6 and 18 h of total 

Q 

Q equilibration time at 5^*0. 

^ 15 3- Evaluation of Post-Thaw Motility . Straws were thawed in a 37T water bath for 

5": c 
; ia? 

^1 30 sec. Blind estimates of progressive motility were made after incubating samples at 37°C for 

0, 1 and 2 h post-thawing. Each of two observers estimated progressive sperm motility fi-om 
J 2 each of two straws of semen. These four blind estimates for each experimental unit represent 
Q subsampling. 

i;3 20 

^ ' 4. Statistical Analysis . Statistically, the subsamples were analyzed as a subplot to 

the main plot least-squares ANOVAs to analyze effects of any observer and observer x treatment 
interaction. N refers to the number of experimental units, not subsamples; standard errors were 
calculated on the basis of means of the 4 subsamples from error mean squares of ANOVAs and 
25 the numbers of experimental units; least-squares means are presented. 

Treatment effects were evaluated via separate ANOVAs for each incubation time. The model 
included bulls as a random effect and equilibration time and observer as fixed effects; the subplot 
consisted of the observer term and related interactions. 

30 
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5. Results. The 3- or 6-h equilibration times were superior to 1 8-h (Table 4), based 
on the percentage of progressively motile sperm, for 0 and 1 h (P<0.01) but not 2 h of post-thaw 
incubation. Effects of bull were evident at 1 and 2 h incubation times (P<0.05), but not at 0 h. 
There was no significant (P>0.1) bull by equilibration time interaction nor was there a significant 
5 observer effect for any response. 



Table 3. Modified TALP Buffer 



10 



O 



15 



11 

o 



O 20 

P 



Ingredient 



Concentration 



NaCl 
KCl 

NaHP04 
NaHCOj 
MgCl2 • 6H2O 
Na Pyruvate 
Glucose 
Na lactate 
HEPES' 

Bovine serum albumin'' 
Gentamycin Sulfate 



95.0 mM 
3.0 mM 
0.3 mM 
10.0 mM 
0.4 mM 
2.0 mM 
5.0 mM 
25.0 mM 
40.0 mM 
3.0 mg/ml 
30.0//g/ml 



#H3375, Sigma Chemical Co., St. Louis, MO, USA 

#US70195, fi-action V; Amersham/Life Science, 
Cleveland, OH, USA 
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Table 4. Effect of pre-freeze equilibration time 
on post-thaw progressive motility (%) 



Equilibration Post-thaw incubation at 37*^0 



atS^'C Oh Ih 2h 



3h 


4f 




16 


6h 


41' 


37' 


18 


18 h 


35*' 


3jb 


12 


S.E.'= 


1.5 


0.8 


2.0 



Within columns, means without common 
aupciowiipis uiiici (r^u.uj), iUKey snC)JJ. 

^ Pooled standard errors, 

^ error mean square of ANOVA ~ ^/N 



U 20 motility. 



6. Conclusion. The results indicated no differences in post-thaw sperm motility 
between 3 and 6 h of total equilibration time at 5°C, but there was a significant decHne in sperm 
motility following 18 h of equilibration at 5**C before freezing. The 3- to 6-h range permits 
pooling 2 consecutive 3-h sorting batches for freezing sperm without decreasing post-thaw 



As the bull by equilibration-time interaction was not significant, 3 to 6 h equilibration 
was adequate, with the caveat that only 4 bulls were used. The optimum equilibration time for a 
minority of bulls is expected to be >6 h. 
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Example 3 

Effects Of Stain Concentration And Laser Power on Sorted Sperm 
Objective: to evaluate the effects of Hoechst 33342 dye concentration in combination with laser 

intensity on flow-sorted sperm. 

5 

1 • Collection of Source Sample . Sperm of 6 bulls were collected and prepared as 
described in Example 1 A. 

2. Methods , 

10 a) Experimental Design. One ejaculate (2 bulls) and 2 ejaculates on different 

days (4 bulls) were used in a 2 by 2 design plus control. 

O 

w ^) Staining and Sorting. Staining, preparation for sorting and sorting sperm 

G were achieved as described in Example 2 except that the Hoechst 33342 dye was added to 

% 15 SP^™ suspensions at a final concentration of 149 \xM or 224 |uM; and sperm were 

w= bulked-sorted with the laser operating at 1 00 mW or 1 50 mW of incident power. Bulk- 

^ sorted sperm were collected into 50-ml plastic tubes as described in Example 2. Four 

i,f tubes containing approximately 15x10^ total sperm/tube were collected over 1 h for each 

f3 bull. The sorted sperm were incubated for 1 h at 22°C to simulate a longer sorting time. 

5 20 

c) Prevaration for Freezing. Following incubation, the sperm were cooled 
as in Example 2. The sperm were then concentrated by centrifugation at 5"C at 850 x g 
for 20 minutes. After removing the supernatant, 150 nl of Tris-A fraction extender was 
added to each 150-^1 sperm pellet at 5"C. All of the sperm pellets were suspended by 
25 gentle repeated aspiration and the sperm of individual bulls were pooled. Tris B-fraction 

extender was added stepwise as described in Example 2. A non-stained, non-sorted 
control for each bull was prepared at 20 x 10^ sperm/ml in Tris extender containing 6% 
glycerol and cooled to 5°C while the bulk-sorted sperm were being prepared. 

30 
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d) Equilibration and Freezing , The control and sorted sperm were packaged 
into 0.25-ml polyvinylchloride straws as described in Example 2, equilibrated at 5**C for 3 
h and then frozen conventionally. 



5 3. Evaluation of Post-Thaw Motility . Straws were thawed and evaluated as 

described in Example 2. 

4. Statistical Analysis , A general description of statistical analyses is provided in 
Example 2. Specifically, treatment effects were evaluated via ANOVA. The model included dye 

10 concentration, laser intensity and bulls in the main plot, and observer and related interactions in 
the subplot. Bulls were considered a random effect and the other factors as fixed. 

5. Results. Bull effects were significant for percentages of progressively motile 
sperm immediately after thawing (P<0.1) and after 1 h and 2 h of incubation at 37''C (P<0.05). 

15 There was no effect of dye concentration or bull by dye concentration on sperm motility at any 
incubation time. With bulls considered as a random effect, 150 mW of laser power resulted in 
lower post-thaw motility of sperm than 100 mW at 0 h of incubation (P<0.1), but not at other 
incubation times (Table 5). If bulls are considered as fixed effects, 150 mW of power resulted in 
lower sperm motility than 100 mW (P<0.05) at all 3 incubation times. There was an effect of 

20 bull by laser power (P<0.05) on sperm motihty at 1 h, but not at 0-h or 2-h incubation times. 
Also, the higher laser power resulted in lower sperm motility than the control (P<0.05) at 0- and 

1- h incubation times (Table 5). There was a significant observer effect at 1-h, but not at 0=h or 

2- h, incubation times. There was no observer by treatment interaction (P>0. 1). 

25 
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Table 5. Effects of laser intensity and dye concentration on post-thaw 
motility (%). 



Incubation at 37°C 



5 



10 



Main effect means 

^▼XUXll. WXXWWV IXXwCVXXO 


0 h 


1 h 


9 h 


Control 


49 


44 


33 


Dve Concentration 








149 


41 


39 


30 


224 ^lM 


42 


39 


30 


Laser Intensity 








100 mW 


46 


42 


33 


150 mW 


38" 


35" 


27 




2.2 


1.2 


1.3 



Significant main effect (P<0.1) and differs from control (P<0.05). 
^ Differs from control (P<0.05). 



^ Pooled standard errors , ^ error mean square of ANOVA - 4n 

6. Conclusion , Percentages of progressively motile sperm post-thaw were 
diminished by the staining and sorting process. Higher laser intensity was more damaging than 
2Q the lower laser intensity. There was no effect of dye concentration on post-thaw sperm motility. 
Thus, excitation of the sperm-bound Hoechst 33342 dye at lower laser intensities is less 
damaging and that staining sperm at the higher dye concentration had no detrimental effect on 
post-thaw motility. The damage observed was presumably to the sperm-motility apparatus. 

25 
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Example 4 

Evaluation ofPre-Sort Staining Procedures and 
Selection of Extenders for the Crydpreservation Of Sperm 
Objective: (1) to evaluate three pre-sort treatments for sperm; and, (2) and to evaluate sheath 
5 fluid and extender combinations for the cryopreservation of flow-sorted sperm. 

The following experiment was replicated in its entirety: 

^- Collection of Source Sample Sperm from 4 bulls were collected and prepared as 
described in Example lA. 

10 

2. Methods . 

j ^) Exverimental Desifrn A 3 (pre-sort treatments) by 3 (extenders) by 2 

I (sheath fluids) by 4 (bulls) by 2 (observers) factorial experiment was designed to 

I determine the best procedure to hold sperm prior to sorting, and to evaluate three 

! ^ ^ extenders for cryopreserving the sorted sperm. . 

^) Sample Preparation and Staining Freshly collected sperm from each of 4 
bulls were treated as follows: 

(1) diluted to 400 x 10^ /ml in modified TALP (see Example 2, table 3) 
20 . and stained for 1 h at 34°C before bulk-sorting ("Dilute - 0 h"); 

(2) incubated neat at 22°C for 3 h before dilution, staining and sorting 
("Neat- 3 h"); or, 

(3) diluted and stained as "Dilute-0 h" and then incubated at 22°C for 3 h 
25 before bulk-sorting ("Diluted - 3 h"). 

c) Extenders. The following freezing extenders were compared: EYC (see 

Example 1) containing 7% glycerol, egg yolk-Tris (see Example 2) containing 6% 

glycerol, and egg yolk-TES-Tris (TEST) containing 5% glycerol. EYC "A 

Fraction" refers to the EYC extender containing no glycerol and EYC "B 

30 ^ 

J:-raction" reters to EYC extender containing twice the final, desired glycerol 
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concentration (i.e., 14%). Thus, when EYC A and B fractions are combined in 
equal volume, the final EYC extender contains 7% glycerol. Tris A and B 
fractions are similarly named, and described in Example 2. TEST extender is 
prepared as a complete extender containing 5% glycerol; hence, there were no 
5 "A" and "B" fractions for TEST. 

d) Sheath Fluid. Sheath fluid was either 98.6 mM sodium citrate dihydrate 
(#S279-3, Fisher Scientific, Fair Lawn, NJ) or Tris as described in Example 2. 
Both types of sheath fluid were adjusted to pH 6.8; osmolality was about 270 to 

10 280 mOsm/kg. Tris sheath fluid was used to collect sperm that were later 

extended in egg yolk-Tris and TEST freezing extenders. Sheath fluid containing 
98.6 mM sodium citrate dihydrate was used to collect sperm to later be extended 
in EYC freezing extender. 

e) Sorting. Approximately 58x10^ sperm for each combination of pre-sort 
treatment, sheath fluid and extender were bulk-sorted as described in Example 2 
using 150 mW of incident laser power. For each sort, sperm were collected over 
approximately 1 h. After sorting, the samples were incubated at 22°C for 2 h to 
simulate a 3 h sort. 

20 f) Preparatio n for Freezing . Following incubation, the sperm were cooled 

as described in Example 2. After cooling, the samples were centrifuged at 5°C at 
850 X g for 20 min. Each sample comprised about 28 ml total volume and was 
contained in a 50-ml plastic tube 

25 ^^^^ *e supernatant was removed, the sperm were returned to a 5°C cold room 

for extension. Samples were extended to 40 x 10^/ml by depositing 131 ^il of the 
sperm suspension into 69 ^1 of A-fraction EYC, A-fraction egg yolk-Tris, or 
TEST extender. Immediately, suspensions were adjusted to 20 x 10^ sperm/ml 
with the addition of the matched glycerol containing extender (i.e., B-fraction 

30 EYC, B-fraction Tris) or TEST. B-fraction extenders were added to their 

respective samples stepwise (2X) at 15-min intervals as described in Example 2. 
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The TEST was added to sperm stepwise in the same mamier as B-fraction EYC 
and Tris extenders. 

g) Equilibrati on and Freezing . Sperm were packaged into 0.25-ml 
^ polyvinylchloride straws, equilibrated for 3 h at 5*^0 and then frozen in static 

liquid nitrogen vapor. 

3 ■ Evaluation of Post-Tha w Motility . Thawing and post-thaw evaluations of sperm 
were done as described for Example 2. 

10 4. Statistical Analysis. A general description of statistical analyses is provided in 

Exainpie 2. Specifically, treatment effects were evaluated via separate analyses of variance for 
each post-thaw incubation time. The main plot included pre-sort treatment, extenders, and bulls; 
Q the subplot consisted of observers and associated interactions. Bulls were considered a random 
V J effect, and the other factors, fixed. The entire experiment was replicated twice. Tukey's HSD 
!:;^ 1 5 test was used to separate means. 

i,3 

a 

5. Results. Post-thaw progressive motility of bulk-sorted sperm was affected 
(P<0.05) by extender and bulls at each post-thaw incubation time and by pre-sort procedure at 
Q 0hofincubation(Table6). There were no differences due to sheath fluids (P>0.05). AtO-h 
13 20 post-thaw incubation, use of the neat-3h treatment resulted in more motile sperm after freezing 
• - and thawing than the other 2 pre-sort staining treatments (P<0.05; Table 6). However, pre-sort 

procedures were not statistically significant after post-thaw incubation of sperm for 1 or 2 h with 
bulls considered as a random effect, hnportantly, at these 2 incubation times, there were 
significant pre-sort treatment by bull interactions (P<0.05). Furthermore, pre-sort treatment 
25 would have been a significant effect at all post-thaw incubation times had bulls been considered 
as fixed effects. 

Immediately after thawing (0 h), TEST was the best extender, but after 1 or 2 h of 
mcubafion of 37°C, Tris was the best extender. Importantly, there was no pre-sort treatment by 
30 extender interaction for any response. There were obser\'er effects (P<0.01) at all incubation 
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times, but no observer by treatment interactions. There was a bull by extender interaction 
(P<0.05) at all 3 incubation times. 



Table 6. Main effects of pre-sort treatment and freezing extenders on 
post-thaw progressive motility (%) 



Incubation at 37°C 



10 



Pre-sort procedure 


Extender 


Oh 


1 h 


2h 


Dilute -Oh 


Mean 


39" 


32 


22 


Neat - 3 h 


Mean 


43*' 


36 


25 


Dilute- 3 h 


Mean 


38" 


31 


19 


Mean 


EYC 


36" 


29" 


17" 


Mean 


Tris 


40" 


39" 


29" 


Mean 


TEST 


44'= 


33' 


20" 


S.E." 




0.8 


0.8 


0.7 


"'"''^ Means within columns, within main effects, without common 
superscripts differ (P<0.05). 

^ Pooled standard errors " yl error mean square of ANOVA h- 4n 



m 

p 20 6. Conclusion , This study showed that holding sperm neat for 3 h before dilution, 

staining and sorting was better than immediate dilution and staining 0 h or 3 h later. Thus, by 3 h 
into the sort, it is best to continue with a new aliquot of the original ejaculate that was held neat 3 
h and then stained, rather than continuing with the original sample of sperm stained and held at 
400 X 10^ sperm/ml. 

25 

Even though TEST extender provided higher post-thaw motility at 0 h, Tris was the 
superior extender when sperm were stressed by incubation at 'iTC. Either sheath fluid worked 
equally well for each extender. Based on these results, we have incorporated the use of Tris 
sheath fluid in combination with Tris freezing extender into our standard operating procedure. 
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Example 5 

Effects Of Extender Additives on Sorted Sperm 
Objective: to evaluate the effect of adding sodium dodecyl sulfate ("SDS") to the freezing 

extender on flow-sorted sperm. 

5 

A. Evaluation of Effect of Concentration of SDS in Freezing Extender 

1 • Collection of Source Sample . Sperm of 6 bulls were collected and prepared as 
described in Example 1 A. 

10 2. Methods . Sperm from each of 6 bulls were extended to 20 x 10^/ml in 20% whole 

egg Tris ("WET") extender containing 0, 0.03, 0.06, 0.09, or 0.12 percent SDS, packaged into 
straws and frozen. WET extender was prepared using 3.028 g of Tris[hydroxymethyl] 
aminomethane, 1.78 g of citric acid monohydrate, and 1.25 g of fiiictose per 100 ml of double 
distilled water, to which 20% whole egg (vol/vol) was added. The WET extender was prepared 

15 at a pH of about 7.0 and contained a final glycerol concentration of about 6% (vol/vol). The 
WET extender also contained 1000 lU of penicillin "G" sodium and 100 |ig of streptomycin 
sulfate/ml. 

3 . Results . The respective means (n = 1 sample from each of 6 bulls) were 51,51, 
20 50, 51, and 48% progressive motile sperm approximately 10 minutes post-thaw. Based on these 
results, 0.06 percent SDS was used in Example 5B. 

B . Evaluation of the Effects of 0. 06 Percent SDS in Various Freezing Extenders on 
Post-Thaw Motility of Flow-Sorted Sperm 

25 1 • Collection of Source Sample . Sperm of 8 bulls were collected and prepared as 

described in Example 1 A. 

2. Methods . Post-thaw motihty was studied for sperm frozen in egg yolk-Tris (see 
Example 2) and WET extenders (see Example 5A) with and without 0.06% SDS. Final glycerol 
content for both extenders was 6%>. 

in 
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a) Stainin2. Preparation for Sort, Sorting . Stained sperm samples were 
prepared from an ejaculate from each of 8 bulls as described in Example 2. Stained 
sperm were bulked-sorted using Tris sheath fluid as described in Example 2 except that 
the sort was achieved using 135 mW of incident laser power. Sorted sperm were 
5 collected in a 50-ml plastic tube containing 2 ml of A-fraction freezing buffer for each 

extender; 15x10^ total sorted sperm (25 ml) for each treatment were collected and 
incubated for 1 h at 22''C to simulate longer sorting. 



b) Preparation for Freezing , Diluted sperm were then cooled to 5°C over 90 
10 minutes. An equal volume of appropriate B-fraction extender was added stepwise (2x) at 

15-minute intervals to each 50-ml plastic tube containing sorted sperm. Aliquots of 25 
ml/extender treatment were concentrated by centrifugation for 20 minutes at 850 x g in a 
refrigerated centrifiige. The supematant was removed leaving a 600 |u,l sperm pellet, 
which was suspended by gentle vortexing for 15 seconds. No additional extender was 
1 5 added to the sperm pellet since the suspension containing the pellet already contained 

^ 3 glycerol. The concentration of the sperm suspension was approximately 20 x 10^/ml. A 

non-stained, non-sorted control for each bull was prepared at 20 x 10^ sperm/ml in egg- 
yolk-Tris extender containing 6% glycerol. The control was placed in a 5°C cold room 
^ ; while bulk-sorting occurred. 

ti 20 

n c) Equilibration and Freezing . All control and bulk-sorted sperm were 

packaged and frozen at the same time. Sperm were packaged into 0.25-ml 
polyvinylchloride straws, equilibrated for about 3 h to about 6 h at 5**C and then frozen in 
static liquid nitrogen vapor. 

25 3. Evaluation of Post-Thaw Motility . Thawing and post-thaw evaluations of sperm 

were done as described for Example 2 with the exception that progressive motiUty was evaluated 
0.5 and 2.0 h after incubation. 



4. Statistical Analysis . A general description of statistical analyses is provided in 
30 Example 2. Specifically, treatment effects were evaluated via separate analyses of variance for 
each incubation time; the model included bull and extender in the main plot and observer and 
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related interactions in the subplot. Differences in means were determined by the least significant 
difference test. 

5, Results . Extender affected (P<0.05) progressive motility of sperm after 0.5 or 2 h 
5 post-thaw incubation (Table 7). At 0.5 h, WET plus SDS resulted in lower motility than Tris 
with SDS. At 2 h, all treatments with bulk-sorted sperm were worse than the non-sorted control 
sperm. There were significant bull and observer effects (P<0.01) at both incubation times, but no 
observer by treatment interactions. 

1 0 Table 7. Effect of extender on post-thaw 

Incubation at 37*'C 



Extender 0.5 h 2 h 



Tris (non-sort) 


42' 


41' 


Tris w/o SDS 


40^'" 


35" 


Tris w/SDS 


42' 


37" 


WET w/o SDS 




35" 


WET w/SDS 


38" 


35" 


S.E.' 


1.0 


1.2 



' Means within columns without common 
superscripts differ (P<0.05). 

error mean square of ANOVA ^fN 



6. Conclusion , The inclusion of SDS in Tris or WET extenders did not benefit 
25 sperm quality as determined by visual estimates of motility after thawing. Also, results using 
WET and Tris extenders were similar; hence, WET appeared as efficacious as Tris for 
cryopreserving sorted bovine sperm. 



30 
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Objective: 



Example 6 

Quality of Sperm Sexed by Flow Sorting for Field Trials 
to evaluate post-thaw quality of sorted sperm based on acrosomal integrity. 



5 1 . Collection of Source Sample . Sperm of 3 bulls were collected and prepared as 

described in Example 1 A. 

2. Methods , Sorted and non-sorted control sperm from the same ejaculate were 
stained, processed, and sorted as described in Example 2 except the sperm were sorted for sex- 

10 type at a 90% purity level. Sorted sperm were collected to a volume of approximately 20 ml and 
were cooled to 5°C for 90 minutes (O^'^C/min). After cooling, an equal volume of egg yolk-Tris 
B extender (see Example 2) was added to the sorted sperm in 2 equal volumes at 15-minute 
intervals. Centrifugation and aspiration of the supernatant were achieved as described in 
Example 5. After centrifiigation and aspiration, egg yolk-Tris extender containing 6% glycerol 

15 (v/v) was added to the sperm pellet to bring the concentration of sperm to about 20 x 10^ /ml. 
Freezing and thawing were done as described in Example 2 except that equilibration time was 
about 3 h. 

3. Evaluation of Post-Thaw Motility . Visual estimates of the percentage of 

20 progressively motile sperm at 37°C were made approximately 10 minutes after thawing. The 
acrosomal integrity of sperm was assessed using differential interference-contrast microscopy 
(xlOOO) after 2 h of incubation at 37°C. Sperm were treated with 40 mM sodium fluoride, a wet 
was smear made, and 100 sperm per treatment were examined. Acrosomes were classified as: (a) 
intact acrosome, (b) swollen or damaged acrosome, or (c) missing acrosome (non-intact). 

25 ' 

4. Statistical Analysis . The data analyzed were from 19 different freeze dates 

balanced across 3 bulls used in field trials. Treatment effects (sort vs. control) were evaluated 
via analysis of variance with bulls as a fixed effect. 

5. Results . The percentage of progressively motile sperm post-thaw was 

30 significantly higher (P<0.05) for non-sorted sperm (50%) than for sorted sperm (46%; Table 8), 
despite removal of dead sperm during sorting. However, the percentage of sperm with an intact 
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acrosome was not different. Sorting increased the percentage of sperm missing an acrosome, but 
also reduced the percentage of sperm with a damaged acrosome, relative to control sperm 
(P<0.05). There were significant differences among bulls for percent of intact acrosomes 
(P<0.05), percent of non-intact acrosomes (P<0.01), and post-thaw progressive motility 
5 (P<0.01). There was a bull by sorting effect for post-thaw motility (p<0.01) but not for the other 
responses. From bulls A and B, differences in post-thaw motility between sorted and imsorted 
sperm were near zero; for bull C, sorted sperm were 10 percentage points (19%) lower in motility 
than control sperm. 

10 



Table 8. Effect of sorting on post-thaw motility (%) and acrosomal status (%). 



E 






Acrosomal status 




iV 




Intact 


Damaged Non-intact 


Post-thaw motility 




Control 


64' 


20' 15' 


50' 


;i 15 

: c 
ST 


Sorted 


65' 


14'' 21" 


46" 



' ;! ' Column means with different superscripts differ (P<0.05). 

l2 ^- Conclusion . Visual estimates of progressive motility for sorted, frozen sperm on 

U average were slightly lower (4 percentage points; 8%) than for control sperm, although this 

U 20 difference was larger for one bull. These evaluations were made approximately 10 minutes after 
thawing. The small average difference is consistent with that for non-intact acrosomes after 2 h 
of incubation. Sperm with a damaged or missing acrosome are likely to be inmiotile. The 
increased percentage of sperm with a non-intact acrosome, for sorted samples, indicates damage 
associated with sorting or with cryopreservation before or after actual sorting. Presumably, 
25 sorting converted damaged acrosomes to missing acrosomes. Based on standard procedures for 
evaluation of sperm quality, there is no basis for assuming that fertilizing potential of these flow- 
sorted sperm should be severely compromised for most bulls. 

30 
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Example 7 

Sex-Selection and Cryopreservation of Bull Sperm Using 20% Egg Yolk-Tris Extender 
Objective: to provide a protocol for the cryopreservation of flow-sorted bull sperm. 

5 !• Collection and Ejaculate Assessment . Collect and prepare ejaculates as described 

in Example 1 A. Select ejaculates fi-om those bulls with >75% morphologically normal sperm. 
Visually estimate the percentage of progressively motile sperm (ejaculates that have progressive 
motility >60% are best for sorting). Add antibiotics to raw semen as follows: tylosin at a final 
concentration 100 (ig/ml, gentamicin at a final concentration of 500 |ag/ml, and linco-spectin at a 
1 0 final concentration of 300/600 )ag/ml. 

2. Stainins and Preparation for Sort Following the addition of the antibiotics to the 
raw semen sample, allow 15-20 minutes before staining. Stain samples as described in 
Example 2. 

15 

3. Sorting. Sort for both X- and Y- type sperm, setting the sorting gates for 90% 
purity. Sort sperm into 50-ml Falcon tubes containing 2 ml 20% egg yolk-Tris A-fi-action 
extender (see Example 2) until each tube contains a maximum of 20 ml total volume (or a 
maximum of 2 h per sort) and final sorted sperm concentration is 6 x 10^/ml. Note that 

20 additional 20% egg yolk-Tris-A fi-action catch buffer must be added after the sort and prior to 
cooling so that the final percentage of egg yolk is at least 3%. 

4- Preparation for Freezing. Following the sort, cool the sorted samples to 5°C over 
a period of 90 minutes. After cooling, add 20% egg yolk-Tris B-fi-action extender (see Example 
25 2) stepwise (2X) at 1 5 minutes intervals. The final volume of Tris B-fi-action extender added to 
the sperm sample should be equal to the volume of Tris A-fraction extender. The total volume of 
sperm sample after the Tris B-fi-action extender is added should not exceed 27 ml total volume. 

After the Tris B-fraction extender is added to the sperm sample, concentrate the 
30 sample by centrifiigation for 20 minutes at 850 x g. Aspirate the supernatant leaving approximately 
150 ^l sperm pellet. Resuspend the sperm and pool the sperm for each individual bull. 
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5. Freezing , Add complete egg yolk-Tris extender (6% glycerol) to achieve a final 
sperm concentration of 20 x 10^/ml. Package the extended sperm into 0.25-ml polyvinylchloride 
straws for freezing as described in Example 2. 



Example 8 

Evaluation of the Fertility of Flow-sorted, Frozen Bull Sperm in Field Studies 

MATERIALS AND METHODS 

10 Semen Collection and Processing; 

Semen from young bulls of unknown fertility was collected via artificial vagina (see 
Example 1 A). After determining sperm concentration with a spectrophotometer and subjective 
evaluation of progressive sperm motility, semen was processed and sorted as described in 
Example 2 except that the sperm were sorted by sex-type at 90% purity using a laser incident 

15 power of about 135 to about 150 mW. Processing and freezing was achieved as in Example 2 
except that the equilibration time was about 3 h. Cornell Universal Extender (Seidel GE Jr., 
Theriogenology 1997; 48:1255-1264) was used for liquid semen in field trials 1, 2, and 3. For 
frozen semen in field trials 2 and 3, the extender used was 2.9% Na citrate + 20% egg yolk with a 
final glycerol concentration of 7% (see Example 1). For field trials 4 through 1 1, sperm were 

20 frozen in a Tris-based extender composed of 200 mM Tris, 65 mM citric acid, 56 mM fiiictose, 
20% egg yolk, and a final glycerol concentration of 6% (see Example 2). The sheath fluid used 
in the flow cytometer was 2.9% Na citrate (see Example 4) for trials 1, 2, and 3, and a Tris buffer 
for the remaining trials (see Example 2). 

Sperm were packaged in 0.25-mi French straws in columns as small as 50 |il in the center 

25 of the straw. To minimize dilution effects, low volumes were used so there were at least lO'' 

sperm/ml. In most trials, a column of extender without sperm was aspirated into the straw first to 
wet the cotton plug, followed by a small column of air, and then the sexed sperm. When sperm 
were frozen, one straw from each batch was thawed in 35°C water for 30 sec for quality control, 
and batches with less than 25% progressive motility post thaw were discarded. A sample of 

30 sexed sperm from each batch was sonicated and analyzed by flow cytometry to determine the 
accuracy of sexing. 
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Heifer Management and Artificial Insemination 

The heifers used were in 6 widely scattered production units with different management 
practices. Seasonal and breed differences contributed further to the heterogeneity of the 
5 experiments (Table 9). Insofar as possible, treatments and controls were alternated 

systematically within bulls within inseminators as heifers entered the insemination facilities. 

Estrus was synchronized in one of 4 ways (Table 9): (1) 500 mg of melengesterol acetate 
(MGA) fed daily in 2.3 kg of grain for 14 days followed by an i.m. injection of 25 mg 
prostaglandin Fja (Lutalyse, Upjohn, Kalamazoo, MI, USA) 17, 18 or 19 days after the last day 
10 of feeding MGA (MGA/PG); (2) a single injection of 25 mg of prostaglandin Fjtt (PG); (3) 20 or 
25 mg of prostaglandin Y20. injected i.m. at 12-day intervals (PG/PG) or (4) 50 or 100 ng of 
GnRH injected i.m., followed by 25 mg of prostaglandin 7 days later (GnRH/PG). 

J 

i Heifers were inspected visually for standing estrus mornings and evenings, but 

] inseminated only in the evenings after 16:00, approximately Vi or 1 day after onset of estrus. 

\ 1 5 Insemination was either into the uterine body conventionally, or half into each uterine horn using 

\ atraumatic embryo transfer sheaths (IMV, Minneapolis, MN, USA). In the latter case, semen 

was deposited past the greater curvature of the uterine horn as far anterior as could be 
{ accomplished without trauma, identically to nonsurgical embryo transfer. In most cases, semen 
I was deposited between the anterior third and mid-comua. 

) 20 Most experiments included a frozen sperm control inseminated into the uterine body with 

' 20 or 40 X 10^ sperm/dose from the same bulls used for sperm sorted for sex-type ("sexed"). 

This control served as a composite estimate of the intrinsic, normal fertility of the heifers under 
the specific field-trial conditions as well as the fertility of the bulls used and the skills of the 
inseminators. Some trials also included a low-dose, unsexed control group. Sometimes numbers 
25 of control inseminations were planned to be Vi or Vz the number used for each treatment to obtain 
more information on sexed sperm. Frozen sexed and control sperm were thawed for 20 to 30 sec 
in a 35 to 37°C water bath. Various other details are summarized in Table 9. 

Pregnancy was diagnosed by ultrasound 28 to 37 d post insemination and/or 56 to 92 d 
post-insemination, at which time fetal sex was determined in most trials, as described in Curran, 
30 S., Theriogenology 1991 ; 36:809-8 14, without the operator's knowing insemination treatments or 
controls. Sexes of calves bom were nearly identical to the fetal-sex diagnosis. Data were 

42 

52011067.1/22091-701 



analyzed by single-degree-of- freedom Chi square corrected for continuity; 2-tail tests were used 
unless 1-tail is specified. Fewer than 5% of the inseminations were culled due to errors of 
insemination treatment, frank infection of the reproductive tract, failure to traverse the cervix, 
etc. Decisions to cull animals from experiments were made shortly after insemination and were 
5 never based on the pregnancy diagnosis. 



10 



s. i - 



15 




25 



30 
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Table 9. Procedural details of field trials 



Trial Insemination Breeds of Estrus 
dates heifers Bulls used Inseminator synchroni- 

s zation 



Comments 



1 5/20-23, 
1997 



Angus 



N1,N2,AN4 A,B 



MGA/PG Included low-dose controls 



10 



2 2/18-5/22, Angus N3,N4,N5, C, D 

1998 crossbred N6 



6/2-6/5, Angus AN4, AN5, B, D 

1998 N7,N8 



PG/PG 



MGA/PG 



Low dose but no normal- 
dose controls; some heifers 
pregnant and aborted when 
synchronized 



I 15 5 



2/10-13, 
1999 

2/24-26, 
1999 

4/14-16, 
1999 



Holstein J2, J4 



CD 



PG 



Holstein J2,J4,J5 C,B,D PG/PG 



Holstein J2, J3, J4, J5 C,D PG 



Very severe mud, snow, 
wind, and cold, driving rain 



Some heifers were 
reproductive culls 



O 20 7 4/27-5/1, Hereford& AN1,AN4 C 
□ 1999 Angus 

crossbred 



MGA/PG Semen for 1 bull shipped 6 
h before sorting; severe 
weather 



4/21-23, 
1999 



Angus 
crossbred 



H1,H2 



MGA/PG Feedlot heifers 



25 



9 5/5-8,1999 Red Angus AR1,AR2 C,F 



MGA/PG 



10 5/31-6/2, Angus AN4, AN7, B,D GnRH/PG 
1999 AN8 

11 7/28-30, Holstein H2, H3 C,D PG/PG First replicate available in a 
1999 much larger trial 
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RESULTS AND DISCUSSION 
The data presented are from 1 1 consecutive, heterogeneous field trials, constrained by 
logistical aspects of the studies, such as having to match bulls to genetic needs of the herds, 
unavailability of fertility information on bulls, limited numbers of heifers, unavailability of the 
5 same inseminators across trials, severe weather in some trials, limited amounts of sexed semen in 
early trials, 2 sets of heifers in which some turned out to be pregnant up to about 55 days at the 
time of estrus synchronization, etc. Up to 4 bulls and 3 inseminators were involved with each 
trial; this enabled us to sample populations to ensure that results apphed to more than one bull or 
technician; however, insufficient data were produced to evaluate bull-to-bull differences in 
10 fertility rigorously. 

Most sets of heifers were from breeding herds located 140 to 250 km from our laboratory. 
There were no significant differences in pregnancy rates between inseminators in any trial, but 
numbers of breedings per inseminator were low, and differences likely would be detected with 
larger numbers of inseminations. 
1 5 Estrus synchronization methods were not compared within trials, so it was not possible to 

compare pregnancy rates among these methods. Pregnancy rates appeared to be satisfactory for 
all four synchronization procedures used. 

Since inseminations were done once a day, heifers in estrus evenings were inseminated 
approximately 24 h after estrus was detected. The pregnancy rate for these heifers with sexed 
20 sperm pooled over all trials was 203/414 (49.0%), which was not significantly different (P>0. 1) 
from that of heifers in estrus mornings and thus inseminated half a day after estrus detection 
266/586 (45.4%). This tendency for higher fertility with later insemination is in agreement with 
findings from other research that it is preferable to inseminate later than normally recommended 
with lower fertility bulls, when low sperm numbers are used, or when conditions are otherwise 
25 suboptimal. 

Pregnancy rates by freatments and, when available, fetal or calf sex are presented in 
Tables 10 to 20. The objective was to obtain female offspring, except in trial 8; accuracy was 
95%, 83%, 90%, 83%, 82%, and 94% in Trials 1, 3, 8, 9, 10, and 1 1, respectively. In the 
remainder of the trials, fetal or birth sexes were not available because of timing of pregnancy 
30 diagnosis, unavailability of persons skilled in sexing fetuses, and/or because calves have not yet 
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10 



Jiit 15 



20 



be«, b„™. This wa. „„, a .ajor conce™ b«ause ,he .ai„ objective of ftis research „a. ,o 
de.e™,„e ferhhty of flow-sorted spenn i„s™i„a,ed a, low doses 

95../ ;;™T''''"' -"""^ '° ^'""^'^ "-een » and 

/. by adjusnng .he sortin, para,„e.e.. However, higher accuracy resuhs in iower „™be. 
> °f*=™«>«cd per unit time, particularly for Ychmm„<„ "wernumbers 
for routine work. chromosome spem. 90% accunacy is sufficient 

The main findings from each field trial will be summadzed in tu™ Note that total 
numbers are given in table headings; numbers of progressivelv moti, 

50% Of mese values Field tnal 1 ffab, , n> ' *^ ^""^ ^P™" "^""^ly 3D to 
s. ^ ,eld tnal 1 (Table 1 0) confirmed that ptegnancy mes with uterine hom 

mllT 7 ' ''""^ ^P™ 

matched the se^dta^osisoffetusesexactly; there was onemista^einsexingfetuseso controls 
There were no abor^ons between 2 months of gestation and tenn, and all 1, calves from 

-edspe™ treatment we^nomral and su^tved. For the sexed semen treamrent theTmonth 
Jancyratesforbul,sNl,K.,a„dN3were4M4,a„d40..,respectivel.3,%^^^^^^^ 
he,fersmes,r„.mthemonti„gand50%„.3,i„esn.sm.heeveni„gbeclpreir 

Treatment/site 



25 



Sexed, 5°C/homs 3x10^ 
Control, S^C/homs 3x10^ 



No- No. No. pregnant 
sperm heifers day 31 to 33 



No. pregnant 
day 64 to 67 



45 
28 



Frozen, 
controL^ody 



40x10* 29 



20 (44%) 
15 (54%) 
16(55%) 



^ratios without coliiiWiii^erscnpts differ (P<om): 



19(42%) 
15(54%) 
15 (52%) 



No. ? 
calves 



18(95%)" 
5 (53%)" 
11 (73%)"''' 
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F.,d ,ria, 2 (Table n)pr„vided «,e firs, evidence ,ha,resu„s wid, .exed, frozen spe™ 
ares™,,..se.ed,„„fr„.„3pe™,ad,„.,„,en.,3n,adef„rn„„be.„f,e™.„eddnH„r 

'0=^ l'«ween 1 and 2 months of 

TerrT ^^™«<'-«-™"ab>efro™ 
39 he fe„ fro. ,h,s .a,; each of .hese heife. (30 sexed pre^anoies, 9 eonfrols, pregnan, . 2 
months calved after a nomtal-length gestation. ' P Snant at 2 

Treatment/site N-^ 



fJI 

C3 20 



Control, 5°C/homs 5x10^ 58 



SDerm h^f' ^o. pregnant No. pregnant 
^H!22 heifers dav30to,15- day 59 to 92" 

27(47%) 24(41o/o) 



fil5 ^xlO^ 51 n(33%) 1,(31%) 



Sexed, 18">C/homs 5 x lo' 46 



16(35%) 12(26%) 



Sexed, flrizen/homs I x lo' 87 7Qm./> 
""No significant differeTSi:?; ' ?M32%) 



F.e.d trial 3 (Table ,2) e„nfr™ed that sexed, frozen spe™ results in reasonable 
pregnancy rates. The accuracy of sexing spe™ was conf^ed again; however, there were 4 

Aga,n, there were no aborttons between 2 months of gestation and tet». Pregnancy rates 

25 uTrZl' ^™ "^'^ - - 

25 ^'t, .5 1 , :) U, and 60%, respectively (P<0. 1 ). 
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Table 12. Results of field triall a 

■ 1998 

Treatment/site 

No. pregnant 
day 62 to 65 




Sexed, 18''C^oms 5^10 
Sexed, frozen^oms 1 x ]o« 
5^22L£22l£ol^ody40 X 10^ 



37 
35 
37 



ll(30%y 
18 (5 1 "/of" 
27(73%)" 




10(91%)= 
14 (78%)' 
16(59%)" 



10 



Field trials 4. 5, and 6 (Tables 13 14 l5^ 
groups of heifer. TT„f._. ' ' ^ "^^""^"^""^^^^l^e same location w,>h ^ 

;j The Widely *ff„e„, p.^,,, J fro™ each «. 

. 5 Presn™ a«e. a ™„,h of „a,„^ „,,„^ JJ^" ' ^ ^-use ftey failed ,„ 

r ve..„i,a.,e.ee„^5a„«.0.Sxe?;^^^^'°"^"*^^'^*'~^ 

f: --»S=.o„.e„„e.h„„„,e„^,,„ ^t'^' "a. „o 

'° '^^^ - « ™-Hca,„ bu, „ Si ^ ™ "°' *™ «a, 

Wals4a„d6. "'"^°"'"S''='-P^«na„cyratefl,a„J2i„ ■ 



25 
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# 



-^^^yHH!* of field tria] 4 w . . 
Treatment/site xt„ 



No. 
sperm 



1.5 X lO' 
3x lO' 



Sexed, frozea^ody 
Sexed, frozen^ody 



assumed to have remained pregnant 



day 30 to 33 



55 
52 
55 



36 (65%^'' 
27 (52%)^ 



45 (82%)'' 
33 were sold before the second 



No. pregnant 
day 64 to 67* 

36 (esro)^'" 

26 (50%)" 
43 (78%)" 



pregnancy diagnosis; these 



were 



10 



Table 14 Rpoi.Un ^^-/t , , . . . 



Treatment/site 



rij 15 Sexed, ^^ozen^ody 

=J Sexed, frozen^ody 

p Sexed, frozen/horns 

O Sexed, frozen/horns 



No. 


No. 


sperm 


heifers 


1.5 X lo' 


23 


3.0 X 10' 


25 


1.5 X lO' 


25 


3.0 X lO' 


25 


20 X lO' 


30 



No. pregnant 
_day33to35' 

12 (52%) 

15(60%) 

15(60%) 

17(68%) 

20 (67%) 



No. pregnant 
_ day 60 to 62 " 

12 (52%) 

14(56%) 

12 (48%) 

15 (60%) 

19(63%) 
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# 



Treatment/site 



10 



Sexed, frozeiVbody 
Sexed, frozen^ody 
Sexed, frozen^oms 
Sexed, frozen^oms 
-£2E^^2lifr2£en^ody_^ 



jNo. 


No. 


sperm 


heifers 


1.5 X 10' 


97 


3.0 X 10' 


25 


1.5 X 10' 


24 


3.0 X 10' 


24 


20 X lo' 


24 



No. pregnant 
day 60 to 63 



11 (41%/ 
10(40%)" 
8 (33%)^ 
10(42%)" 
18(75%)" 



9(33%)" 
9 (36%)" 

7 (29%)" 

8 (33%)" 
17(71%)'' 



v3 



liu 15 



O 20 



25 



lemmata. For Ms « °f'"=""-k°n'over„,en„e-body 

horns i„,„ ft, *»^n =eme„ insen,i„a,ed i„,„ fte u,eri„e 

ho«-,„s™„a,i„„ were compared pre^an, , ' ' ' ' "ody- and 

'-Wcian as we« as for o.he„ec Jel ^od, „ed,ods fordUs 

Semen from one of the bulls used in T ' I 7 
- - » inflated box a, -20-0 before sonl T '""^ """'-^ 
*-exedspe™fromd,..obu,,sweI ^'''"^"'"^"^^"■'^^^^^^ 

*-^'PPed semen, semen „asnoUd„e :r :;rr" 

-."tag properties of spem, .i„ „„,,^, 33 ™" " ^ for shippi„, because 

^-n^-ore, in od,ers«es(seeE.amp,e4 !„I '^*'"''°"'* 
-nco,,ec.,o„and„o_m.„asfo.i::::::~^^^^ 



la 
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Sexed, frozeiVbody 
Sexed, frozen/homs 



1.5 X 10 



No. pregnant 
day 33 to 37 




10 



15 



a 20 



34 (40%)^ 
53 (62%f 
28(51%/'" 

Field trial 8 (Tah]p 1 7^ „ 

"'^ ^ """s were 50 and 61 %. action. Pregnancy 

-^^^lilZ^R£!ultsoffieldtrial8 a u- 

Treatment/site ~ — 



Sexed, frozen, 72 mW 
laser^ody 

Sexed, frozen, 135 mW 
laser/body 



1 x 10^ 



1 X 10** 



No. pregnant^ 
day 74 to 76 



18 



25 
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# 



^' irozen sperm/insemination do<?p Thic 

JiyHlResuJts of field trial 9 RpH a 
Treatment/site 



No. 
sperm 



No. 
heifers 



10 



n 



if 15 



1.5 X 10^ 
3.0 X 10^ 
1.5 X 10^ 
3.0 X 10** 



No. pregnant 
day 60 to 63' 



No. $ 
fetuses 



Sexed, frozen^ody 

Sexed, frozen^ody 

Sexed, frozen/horns 
. Sexed, frozeri/lioms 
SS^^![2l^ozen/body^ 20x10^ 



15 

14 

16 

16 

30 



8 (53%) 
12 (86%) 

9 (56%) 
12 (75%) 
21 (70%) 



7 (88%) 
9 (75%) 
7 (78%) 
11 (92%) 
13 (62%) 



o 

•if 

3 20 



25 



Pregnancy rate m field «al 10 (Table 19) with sexed ft„, 
con^....acc„..,o.e.n..pe„„„„,.«l 
s.^i«oan.„ differen, d,. .arreted 90% acc™., ^^1^:^ ) 
H 66. and 50% for bulls AN4 ANT and Am ^"^ 

inseminated in this tna, we,, the """^ 
.nal wete the caives resulting Iro™ sexed sperm in field tdal 1. 

Treatment/site 

Sexed, frozen/body 
Sexed, frozen^ody 
Con trol, frozen^odv 20x10^ 



No. 
sperm 

1 X 10^ 

3x 10^ 



' No significant differences 



No. 
heifer s 

44 

43 

35 



No. pregnant 
day 61 to 63' 

26 (59%) 

23 (53%) 

20 (57%) 



No. $ 
fetuses 



23 (85%) 
17(74%) 
12 (57%) 
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Table 20. Results of field trial 1 1 Ho1c.»- u r 
~^!z1LZ^^}!^^ 1999 

Treatment/site 




Sexed, fi-ozeiVbody 
Sexed, fi-ozeiVbody 
Sexed, Irozen/homs 
Sexed, fi-ozen/homs 



10 



1 X 10^ 
3x 10^ 
1 X 10^ 
3x 10^ 
20 x 10^ 



12 
12 
7 
7 
9 



No. pregnant 
uay 28 to 30 


No. pregnant 
day 56 to 58'' 


8 (67%) 


7 (58%) 


6 (50%) 


4 (33%) 


4 (57%) 


4 (57%) 


4 (57%) 


4 (57%) 


4 (44%) 


3 (33%) 



■J 



^ 15 



_Control^_frozen/b^ 
T^^^^i^ant difffei^iiH^i;^ — 

aperm no./sifR 



Trials combined 
5, 6, 9,11 



ill 

C5 20 

O 



4> 5, 6, 9,10,11 



25 5,6,7,9,11 



10-1.5X 10%ody 
3.0 xlO%ody 

1-0-I.5xl0%oms 
3.0 X 10%oms 

20xl0%ody, control 

1.0-I.5xlO%ody 
3.0 X 10%ody 

20 X 10%ody, control 

1.5x 10%ody 
l-5x 10%oni 



No. heifers 

77 
76 
72 
72 
93 

176 
171 
183 

163 
158 
128 



No. pregnant 



36 (47%) 

38 (50%) 
32 (44%) 

39 (54%) 
61 (66%) 

98 (56%) 
88(51%) 
124 (68%) 

70 (43%) 
85 (54%) 
79 (62%) 



30 



Pregnancy rates with sexed spem. were generally 70 90o/ of . 
experiments with 7 to 20 times mor. of unsexed controls within 

Poss.lyrefiectmg.mpro r:^^^^^ 

S mproved sexmg and sperm-processing procedures. 
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differen. .he popu,.™ „f J, ^Pe- .0 be „„ 



J*: .5. 



D 20 



CONCLUSION 

_^--"°-»-Weca„bedis,o«ed.oabou,90%ofei,h, 
"»^.s or DNA conteM with a flow cytometer/cel] r ,, " * °° 

.| -*e,..,„.„.„,,,,„^,^j^;^-^^^^^^^^ 

15 to 90% of ^sexed co„„o,s witt 20 or 40 x lo6 ' ^"^ ™ 

-..s app„ ,0 wen-m^^ed heifers hred hy ..Z!^ ™- 
semen. There ™ay be a s^all advantage , ™"'"""™"^"'- ™8 P'operly processed 

-co„p.ed.os.a„dardj™:::;:~------^^^ 



*• ..... 



^^^^^^^^^^^^^^^ 

Which extends to any and all aUen.ative.ateriair„^^ 

ends Of the present invention. ""^'^^ accomplishing the 

All patents and publications described are hpr.- ■ 
entirety. ^ ^''''"^ incorporated by reference in their 
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